In this article we first present how to get Feynman amplitudes when we deal with Majorana fermions, based on a well defined fermion flow without explicit charge-conjugation matrices at vertices equations. We also present in detail the calculation for the production of photinos and gluinos.
Introduction
Although the Standard Model (SM) [1] , based on the gauge symmetry SU(3) c ⊗ SU(2) L ⊗ U(1) Y , describes very well all the observed properties of charged leptons and quarks. Nevertheless, the SM is not considered as the ultimate theory since neither the fundamental parameters, masses and couplings, nor the symmetry pattern are predicted.
However, the necessity to go beyond it, from the experimental point of view, comes at the moment only from neutrino data. The recent groundbreaking discovery of nonzero neutrino masses and oscillations has put massive neutrinos as one of evidences on physics beyond the SM [2, 3, 4] .
About the neutrino physics, one of the major problems is: Are the neutrinos Dirac or Majorana particles [5, 6, 7] ? If neutrinos are Dirac particles, then lepton number remains as a conserved quantity. By another hand if neutrinos are Majorana particles, lepton number would be violated in two units [8] . In this case neutrinoless double beta decays and some rare meson decay of the form M + → M ′− l + l + can occur. This kind of decay is sensitive to neutrino masses and lepton mixing as discussed at [9] . Therefore, neutrino properties can play a crucial role in determining the matter-antimatter asymmetry of the universe if thermal leptogenesis is the correct solution to the baryogenesis problem [10, 11] .
Supersymmetry (SUSY) arose in theoretical papers more than 30 years ago independently by Golfand and Likhtman [12] , Volkov and Akulov [13] and Wess and Zumino [14] . On the first article [12] the authors found the superextension of the Poincaré algebra and constructed the first fourdimensional field theory with supersymmetry, (massive) quantum eletrodynamics (SQED).
The particle content of SQED [15, 16, 17] is given by the electron (fermion), positron (antifermion) and the photon plus the spin 0 partners of electron and positrons, the so called selectron and spositron (sfermions). In this model we have also the photino, which is the spin (1/2) superpartner of the photon. One introduces the photon and the photino in the same vector superfield, due this fact the photino must be a Majorana fermion, because it satisfies the following constraint λ = λ, see Eqs. (72, 76) in Appendix A. In this theory both the R-Parity and chirality are conserved and sparticles appear in pairs at any vertex [15, 16, 17] . We present a brief review of this model at Appendix A.
We want to emphasize that the Minimal Supersymmetric Standard Model (MSSM) was constructed in 1975 [18, 19, 20] , and the history of this model can be found at [21, 22] . On the earlies days of MSSM the "photon-neutrino", now called as photino by short and its symbol is given byγ, was considered a fundamental particle, stable [23] and massless (at least at classical level) [24] .
The gluino, in the earlies days, was called as "photonic neutrino" (the gluino is denoted asg). The gluino was thought as a massless particle, because it was difficult at that time to generate a sizeable mass for it. Being the fermion partner of the gluon (it is also Majorana fermion as the photino), its role and interactions are directly related with the properties of the supersymmetric QCD (SQCD) [15, 16] (See Appendix B for a short summary of the SQCD Feynman rules). Therefore, on the earlies day period, it was expected the existence of relatively light "R-hadrons" 1 [25, 26] . Today we know that a direct gaugino mass, its symbol is m 1/2 , come from supergravity [27] , or with a mass induced by radiative corrections using messenger quarks. Both mechanisms imply that the gluino masses are sufficiently heavy.
Today we know that SUSY can explain some phenomenological issues that the SM fails to address adequately [15, 16, 28, 29, 30, 31, 32] :
• Unification with gravity [33] ;
• Unification of Gauge Couplings [34] ;
• Hierarchy problem [35] ;
• Electroweak symmetry breaking (EWSB) [36] ;
These topics together the stability of the Lighest supersymmetric particle (LSP), from R-parity conservation [18] , presumably a neutralino with interactions naturally of the order of weak-interaction, provides a very good Dark Matter candidate, is also a good point for SUSY [16, 28, 29, 30] .
The studies about the photinos started in 1979 where P. Fayet [24] studied the interaction between photinos 2 with matter in the case where the photino is massless, obtaining the following cross section:
where m se is the mass of the slepton, see Ref. [22] for the old notation. With this article the phenomenological studies about photinos have started. If the photino is stable, then all supersymmetric cascade decays end up decaying into photino. The photino leaves the detector unseen and its existence can only be inferred by looking for unbalanced momentum in a detector. In this way, they are phenomenologically similar to neutrinos, and they are not directly observable in particle detectors at accelerators. The events produced by the photinos are characterized by a large discrepancy in energy and momentum between the visible initial and final state particles. Nowadays this is the signal of the Lighest Supersymmetric Particle (LSP), which in some scenarios is the lighest neutralino (χ 0 1 ), the gravitino (the gravitino (symbol G) is the supersymmetric partner of the graviton) or the lighest sneutrinos (ν 1 ).
Later in 1982 P. Fayet [37] get to photino production coming from e − e + , still in the case of massless photinos, with the following result
where θ is the angle between the photino and the incoming electron as shown in Fig.(10) . Later the calculus with a massive photino was done [38, 39] . The value of its mass Mγ assumed phenomenological importance due the fact it was related to the scale of supersymmetry breaking, as take place for the gluino today [23] . It is possible to show that gravity can induce Supersymmetry Breaking in such way that the photino is stable and its mass is a parameter given by [27] 
where N is a group factor, implying a possibly heavier photino mass. The total cross section in this case is given by [37] σ(e − e + →γγ) = 2πα
In this article, Ref. [37] , Fayet also analised the processes e − e + → γνν and e − e + → γγγ and obtained the following total cross sections (in pb)
The photino and selectron masses were included in these processes only in 1984 throught the following Ref. [40, 41, 42] . At that time it was considered that these reactions could be a useful SUSY signature and these experiments could provide important limits on the photino and selectron masses. Two years later the reactions e − e + → γνν and e − e + → γγγ were calculated accurately, and they showed that the later process has bigger cross section compared with the first one (their Fig. 2 ), this holds only for the "lower" values of the selectron masses. They also showed that the processes with polarized and unpolarized beams are useful to put strong limits on the plane Mγ × mẽ (their Fig. 4 ) [43] .
We also know that low-mass weakly interacting particles (fotinos, neutrinos, axions, etc) are produced in hot astrophysical plasmas, and can thus transport energy out of stars. The possible astrophysical consequences of "light" photinos and gluinos, where the main photino production channel is the subprocess gg →gg followed by a gluino (denoted asg) decayg →γqq, were discussed in [23, 44] .
It has been generally assumed that for smaller values of gauginos masses the photino is an approximate eigenstate, but in general this is not the case. The classic signature of these events is missing transverse momentum ( P T ) from the escaping photinos, and this assumption was used by the UA1 Collaboration when doing their analysis [46] .
Unfortunately, this approach can not be used to perform the data analyses of the Large Electron Positron Collider at European Organization for Nuclear Research (CERN LEP). In this case, for larger values of gaugino masses, it is not possible to think in terms of photino, zino and neutrals higgsinos (h 0 1 and h 0 2 ), but we need to consider the mixture of these states giving four neutralinosχ 0 j , j = 1, 2, 3, 4. In a similar way the mixing between the charged gauginos with the charged higgsinos give us two charginosχ [16, 29, 46, 47] . About the rate of the two-body decay of the gluinos,g →γg, it was first analysed in Ref. [48] , where it is noted that this decay rate vanishes if mq L = mq R . The partial width for the gluino radiative decay was recomputed (for mγ = 0) in Ref. [49] and by Barbieri et al in Ref. [50] . The most general result for the radiative decay width of the gluinos was calculated in Ref. [48] for the photino as the LSP [47] . Only for very massive gluinos (mg > (m q + mq)) the two-body decays into quark plus squark become kinematically acessible and rapidly dominate the branching fraction [16, 29] .
Supersymmetric theories involve self-conjugate Majorana spinors. Feynman rules for Majorana fermions, by another hand, involve vertices and propagators with clashing arrow. This is reflected by the appearance of the charge-conjugation matrix in Feynman rules for vertices and propagators, as appear at [16, 29, 30, 38] . In this approach the relative sign of interfering Feynman graphs cannot be read off the graphs, but has to be determined independently from the Wick contractions. This method is not so good to use in practical calculation as in photino and gluino production.
One of the goals of this article is to give a recipe, calculating the differential cross section of photino and gluino production, in order to get in an easy way the correct relative signs among different Feynmann diagrams for fermion-number-violating interactions. We review the mechanisms for producing the photinos in e − e + collisions for the International Linear Collider (ILC) [51] , and also discuss the production of gluinos at the Large Hadron Collider (LHC) [52] .
To get these production cross sections we review in Sec.(2) a simple way to write Feynman rules when dealing with Majorana particles, based on a well defined fermion flow, in a similar way as we do to get Feynman amplitudes for Dirac fermions. We review leptogenesis at Sec.(3), later at Secs. (4, 5) we present the details of the calculation to get the differential cross section of the production of photinos and gluinos, respectivelly. We point out that these processes can induce the matter-antimatter asymmetry. In Appendices (A,B) we present brieflly the SQED and SQCD, respectivelly, while in Appendix (C) we give the mass spectrum of the sparticles used in this article.
Feynman Rules for Majorana Particles
Neutral particles might, or might not, have distinct antiparticles. Whereas the Dirac fermions have distinct antiparticles (the neutron is an example), in the case of Majorana fermions the reverse is true. Due this fact, a Majorana field ψ M satisfies [38] 
whereψ ≡ ψ † γ 0 while C is the charge conjugation matrix defined as
which satisfies the following properties
where η i = +1 for the first six Γ i and η i = −1 for the last ten Γ i . The Γ i have been chosen such that
In general, the u and v spinors for either Dirac of Majorana fermions are related via
where s = ±(1/2) labels spins. In the SM [1] all the interactions conserve both Baryonic number (B) and Leptonic number (L). In contrast with the SM, the MSSM [18, 19, 20, 38] involve interactions that violate the fermion number, because this kind of models involve Majorana Fermions (do not have distinct antiparticles). Their self-conjugacy allows for a variety of different contractions, which acquire different signs originating from the anticommutativity of fermionic operators [38, 62, 63] .
The usual Dirac field spinor expansion is given by [29] :
where c(c
Therefore for a Dirac spinor
The similar expressions to the Majorana fermions [29] are given by:
where c and c † are annihilation and creation operators 3 , and we must not forget to include these contractions when computing matrix elements of operators involving products of Majorana spinors fields [29, 38] .
In general when we have one Dirac field we use the Feynman rules given at Fig.(1) . For Majorana spinors, this rule appear ambiguous as there is no distinction between particle and antiparticle. Therefore, for Majorana fermion, there are three possibilites, see Eq. (15) . These three possibilities are drawn at Fig.(2) . Notice that the propagator have clashing arrows. 3 The condition c k,s = d k,s implies the identity of the particle and antiparticle quanta of this field. The most generic lagrangian L for Majorana fields λ and Dirac fields ψ, as given by [38] , augmented by a pure Dirac interaction term [62, 63] , can be written in general formula in the following way
where Γ i is defined at Eq. (8), and g i abv , κ i abc and h i abc are coupling constants. Some of the Feynman rules of this lagrangian were drawn at Fig.(3) , the other Feynman rules are given at [38] . The field Φ summarizes scalar and vector fields. Using Eq.(8) and the fact that fermion fields anticomute in the last term in the first line, we find that the following constraint must be satisfied g
The second problem, as showed at [38] , is the following. The last two terms in the first line of Eq.(16) can be rewritten as
therefore the Feynman rules for this term are given by (16), of a scalar field with one Majorana (λ) fermion taken from [38] .
these give the Feynman rules drawn at Fig.(3) . The rules (a) and (e) are the usual ones, given by the first rule in the equation above. The rules (b) and (d) are given for the second vertices above while the last one are the (c) and (e) vertices. We can also perform the following mathematical manipulations
using Eq. (17) we get
which appears to be an evidence of a sign ambiguity [38] . This is reflected by the appearance of the charge-conjugation matrix in the Feynman rules for vertices and propagators, making it more complicated to do calculations with them, and pretty far away from the rules for Dirac fermion. We have to stress that this method can be used without any problem, as shown at [38] .
However, there is another way to define the Feynman rules for Majorana fermion. In this case, since the fermion flow is violated, one may introduce a continuous fermion flow orientation of each fermion line as done in Refs. [61, 62, 63] 4 . This forces one to introduce two analytical expressions for each vertex, one for fermion flow parallel, and one for fermion flow antiparallel to the flow of the fermion number. Therefore, for Majorana fermions there are only the usual spinors, see Fig.(4) . The fermionic vertices are read off from the lagrangan as usual, but for every vertex containing fermions we need two expressions, the direct one (Γ) and the reversed one (Γ ′ ). It is possible to reverse the interaction lagrangian introducing the charge-conjugate fields in the following way
on the last stage we used Eq.(8). Therefore we have shown that
Therefore, if both the fermions are Majorana ones, we get Eq. (17) for all i. Due this fact we can rewrite the above equation, in general, as
and for Majorana fields holds the constraint
The Feynman amplitudes are obtained as follows [62, 63] 6. Multiply by the permutation parity of the spinors in the obtained analytical expression with the respect to some reference order;
7. As far as the determination of the combinatorial factor is concerned, Majorana fermions behave exactly like real scalar or vector fields.
In the book given at Ref. ([64] ), similar Feynman rules as given above are applied to Majorana fields (massive neutrinos) in Yukawa theory. We can also use these Feynman rules to calculate the heavy right-handed neutrino decay, in this case we use leptogenesis to generate the baryonantibaryon asymmetry of the universe (for more details about this subject we recomend the Refs. [10, 65] ).
We want to stress that analytical expressions obtained using this recipe are independent of the choosen orientation. As a result of this fact, all sign ambiguities disappear and the relative sign of interfering Feynman diagrams is determined exactly as in the case of Dirac fermions. Another gain of this method is that the vertex expressions do not include explicit chargeconjugation matrices [62, 63] .
This set of rules facilitates pratical calculations, as we will show in next sections. Due this fact they were used together with the program FeynArts [66] in order to to calculate the differential cross sections of the gluino production.
In general when we calculate the square amplitude involving Dirac fermions we use the following equations
In diagrams involving Majorana fermions the formulas given at Eq. (26) remain valid, however, other combinations of the u and v spinors arise. Using Eq. (10), we can write the following relations
using these new relations at Eq. (26) we get
where C is the charge conjugation matrix which satisfy Eq.(8).
Leptogenesis
The mechanisms to create a baryon asymmetry from an initially symmetric state must in general satisfy the three basic conditions for baryogenesis as pointed out by Sakharov in 1967 5 [53] :
5 They are known as Sakharov conditions
1. to violate baryon number, B, 2. to violate C and CP , and 3. to be out of thermal equilibrium.
It is found that the CP violation observed in the quark sector [54] (e.g. in K 0 -K 0 or B 0 -B 0 mesons system) is far too small [55] to give rise to the observed baryon asymmetry, therefore these conditions are extended to include lepton number (L) violation processes.
Within the class of renormalisable models that can give rise to the effective interaction to give mass to neutrinos, the type I seesaw mechanism [56] is perhaps the most elegant solution of all. Not only it can provide a way to generate tiny but nonzero neutrino masses, but also contains all the necessary ingredients for explaining the cosmic baryon asymmetry.
The idea of the type I seesaw model is quite simple. One introduces heavy neutral singlet fermions, the right-handed neutrinos (one for each generation of light neutrinos) in the SM, just as one would require to have a Dirac neutrino mass term. The SU(2)
T α , where α = 1, 2, 3, and φ = (φ 0 , φ − ) T have their usual meanings. Using these fields, we get the following Lagrangian which is standard model gauge invariant:
where M R denotes the bare mass for the right-handed neutrino. Since the SM does not predict or restrict the size of M R , we may assume that it is arbitrarily large. We can rewrite Eq. (29) in the following way
where
. . , ν nL ) T and ν R ≡ (ν 1R , . . . , ν nR ) T . So from this, it is easy to see that this model gives rise to two sets of Majorana neutrinos: the light ones (ν) with mass matrix Figure 5 : The (a) tree-level, (b) one-loop vertex correction, and (c) one-loop self-energy correction graphs for the decay: N k → l j φ. This figure was taken from [10] .
the large mass scale of M R , which may have its origin from higher unification theories.
The classic leptogenesis scenario of Fukugita and Yanagida [57] involves taking the type I seesaw Lagrangian of Eq. (29), and the Yukawa coupling can then induce heavy right-handed neutrino (N) decays via two channels:
which violate lepton number by one unit. All Sakharov's conditions for leptogenesis will be satisfied if these decays also violate CP and go out of equilibrium at some stage during the evolution of the early universe. The requirement for CP violation means that the coupling matrix Y must be complex and the mass of N k must be greater than the combined mass of l j and φ, so that interferences between the tree-level process (Fig. 5a ) and the oneloop corrections (Fig. 5b, c) with on-shell intermediate states will be nonzero [10, 11] . But φ is the scalar field of the SM. Therefore, we note that besides the tree-level interaction (N ↔ ℓφ) of Fig. 5a , there are s-channel Nℓ ↔ q LtR (Fig. 6a) and t-channel Nt R ↔ q Ll , Nq L ↔ t R ℓ (Fig. 6b, c) scattering processes that can alter the abundance of N 1 . For the evolution of B − L, in addition to these, there are also ∆L = ±2 scattering processes mediated by N 1 (Fig. 7) which can be important.
It is important to remeber that the SM can explain the conservation of lepton number (L) and of baryon number (B) without needing to impose any discrete symmetry. However, this is not the case in supersymmetric theories, where to get all interactions to conserve L and B, we need to impose one discrete symmetry. This new symmetry is know as R-symmetry. The Rsymmetry was introduced in 1975 by A. Salam and J. Strathdee and in an independent way by P. Fayet (see [58, 59] for a very nice review about this subject).
There is also the leptonic symmetry defined as
where the superpotential of the MSSM is given by:
The superpotential given above does not contain theûdd term, which could induce the proton decay and also the neutron-antineutron oscillation, therefore the nucleon is stable in this model. However this superpotential allows and/or give contributions to the following nice processes [16, 29, 58, 59, 60] Figure 6 : The ∆L = ±1 processes that can influence n N 1 and n B−L : (a)
Here q L denotes the 3rd generation of the quark doublet. This figure was taken from [10] .
We want to stress that the third to the sixth points generate matter-antimatter asymmetry. We have the following direct decays of the lightest neutralinos
and for lightest charginos (only via λ ′ iaj coupling)
On the next section we will present a process of the type e − e + →γγ, which is the basic step if we want to calculate the following processes
These processes can generate leptogenesis in this model.
Photino Production
The goal of this section is to present explicitly how to calculate the differential cross section of the process e − e + →γγ, in the SQED context, this process The ∆L = ±2 s-and t-channel scattering processes mediated by N. This figure was taken from [10] .
violate lepton number by two unit. In this case it takes place via t-channelẽ Fig.(8) , as shown by Fayet in his article [37] . Note that both e andẽ carry one unit of lepton number. The t-channel and u-channel exchanges correspond to the cases where the fermion lines are uncrossed and crossed, respectively. These are analogous to the t-channel and u-channel diagrams in e − e + → γγ, where in this case an electron is exchanged (see Fig.(9) ). On the later we have only two diagrams because e L = e R , while in the SQED (the same is hold in the MSSM)ẽ L =ẽ R and then we have four diagrams for the process e − e + →γγ. Today we know that, in the context of the MSSM, the photino is a gaugino and it mixes with the neutral higgsinos to give the neutralinos as mass eigenstates [16, 29, 67] . Neutralino pair production in e − e + collisions was first studied in [68] , where it was shown that this production takes place via the s-channel Z-exchange and t-channelẽ − L -andẽ − R -exchange. The corresponding expressions for the differential cross sections are showed in Appendix A of the reference [29] . By another hand, the "Lighest supersymmetric particle" (LSP) in some minimal Supergravity (mSUGRA) scenarios can be a light photino (it meansχ 0 1 ≈γ) [69, 70, 71] with an acceptable cosmological abundance [72] .
In e − e + collisions, photinos are produced in the following reaction
as shown in Fig.(10) , whereγ is the photino, and the particle four-momenta are specified in parentheses. It is important to stress that the photino is its own antiparticle. The amplitudes for e − (P 1 )e + (P 2 ) →γ(K 1 )γ(K 2 ) are:
(1 ∓ γ 5 ) Figure 8 : Feynmann diagram to the process e − e + →γγ, we fix the orientation (fermion flow) for each lepton as given by the electron, therefore the positron line have opposite direction, in such way we get a continuous line in the diagram.
where s, t, u are the Mandelstam variables defined as 
The next step is to calculate
where the relative minus sign arise due to Pauli statistic. Summing over initial and final spins and using the usual Projection Operator over the positive and negative energy states we get (see [73] for more details on the algebric manipulations) the following expressions
Lets work out the interference terms in detail. On this case we need again to sum over initial and final spins and using Eqs. (26,28) we get the following results
Using Eq. (8) we can show in a simple way that
Now using the trace techniques we get
Therefore the differential cross section, in the limit M
Since the photino is not actually a mass eigenstate (remember that our calculation is done in the context of sQED), we have used the neutralino masses for the photino. In any case, the electron mass could be neglected compared with the sparticle masses, and the expression above simplifies to
which is the same result as presented at [38, 39] , and also when we put Mγ = 0 we get Eq. (2) and it is the result presented by Fayet at [37] . Some elementary results from QED are the Møller Scattering [74] (electronelectron scattering) and Bhabha Scattering [75] (electron-positron scattering). The differential cross section to these process are
The Eqs. (44, 45) are obtained in a similar way as we have presented above. The total cross section to the process e − e + →γγ is given by
It is well known that the so called International Linear Collider (ILC) will provide opportunities for both discovery and precision measurements [51] . With the construction of the next generation of e + e − linear colliders, with a center of mass energy up to 1500 GeV and which will be able to operate also in γγ, γe − and e − e − modes, new perspectives arise in detecting new physics beyond the standard model in processes having non-zero initial electric charge (and non-zero lepton number). On the next, where we present our numerical results, we will consider the fotino as being the lighest neutralino of the MSSM.
In the SPS scenarios (see appendix C), the following restriction is satisfied (see Tab.(1)) 70 GeV < Mγ < 200 GeV.
This restriction is used in Fig.(11) , where we show for three different energies, the behavior of the cross section with the photino and selectron masses, respectivelly. We get bigger cross section for √ s = 0.5 TeV, and the cross section for √ s = 1 TeV and √ s = 1.5 TeV tend to be closer from each other for heavier fotinos. 
Gluino Production in the MSSM
Gluino and squark production at hadron colliders occurs dominantly via strong interactions. Thus, their production rate may be expected to be considerably larger than for sparticles with just electroweak interactions, whose production was studied at literature. The cross sections for the production of squarks and gluinos in hadron collisions were calculated at the Born level already quite some time ago [39] . In the present paper we study the gluino production in pp collisions. We will study the following reactions pp −→gg,gq + X
in the proton-proton collisions at the "Large Hadron Collider" (LHC). The leading-order (LO) QCD subprocesses for single gluino production are gluon-gluon and quark-antiquark anihilation (gg →gg and→gg), and the Compton process qg →gq (see the subsections below). For double gluino production only the anihilation processes contribute. These two kinds of events could be separated, in principle, by analysing the different decay channels for gluinos and squarks [16, 29] .
Incoming quarks (including incoming b quarks) are assumed to be massless, such that we have n f = 5 light flavours. We only consider final state squarks corresponding to the light quark flavours. All squark masses are taken equal to mq 7 . We do not consider in detail top squark production where these assumptions do not hold and which require a more dedicated treatment [76] . In the following subsections we present the calculations for each subprocess discussed above.
Subprocessqq →gg.
The Feynman diagrams for gluino pair production coming from quark-antiquark initial states are drawn in Figs. (12) . In this reaction the Mandelstam variables satisfy the following relation
The kinematic of this reaction is similar to one shown at Fig.(10) , with the exchanges e − → q, e + →q andγ →g. The total amplitude toqq →gg can be written as
where |M| 2 is the result of averaging over initial spins and colours, and summing over final spins and coulours, it means [77, 78] 
the sum over spins is similar to that presented in the previous section, and therefore we will not discuss it in detail here, but will only present the results. Figure 12 : Feynmann diagram to the processqq →gg, we fix the orientation for each particle in this reaction as given by the quark in a similar way as we have done previously see Fig.(8) .
The mathematical expression to the amplitudes to this process are
The colour wavefunction of gluinos are Ω(i), where i = 1, 2, . . . , 8. They are 8 × 8 matrices. These matrices satisfy the following algebra
where f ijk are given by the following relation
Therefore the matrix elements of colour wavefunction of gluinos is given by
(Ω(a)) jk = −ıf ajk .
We checked our calculations with the ones given by the program FeynArts, Ref. ([66] ), with the code in the MSSM, Ref( [79] ). As a final result we get:
this result agrees with those presented at Ref. [39, 29] .
Subprocess gg →gg.
The Feynman diagrams for gluino production coming from gluon fusion are drawn in Fig.(13) . The total amplitude (the Mandelstam variables are related as shown at Eq. (50)) is given by where
Using Eq. (63) at Eq. (62) and using the FeynCalc we obtain:
, (64) again in agreement with the results presented at Ref. [39, 29] .
Subprocess qg →qg.
The Feynman diagrams for gluino production coming from the Compton scattering qg are drawn at Fig.(14) . In this case the Mandelstam variables satisfy
The total cross section is
where The differential cross section for this reaction is given by
, (68) in agreement with Ref. [39, 29] .
The total cross section for the gluino production can be obtained by adding Eqs. (61, 64, 68) . By doing this, we reproduce the results presented at [39, 80] . We have used these expressions to get the results presented at [32, 73, ?, 81] .
The main aim of the Large Hadron Collider (LHC) [52] , which is already running and soon will be in complete operation with 14 TeV, is to find the Higgs particle. That discovery may either confirm the Standard Model (SM) or open new windows towards new physics. This machine will also study collisions involving nuclei -pA (proton-nucleus, √ s = 8.8 T eV ) and AA (nucleus-nucleus, √ s = 5.5 T eV ) LHC modes. Results for gluino production in the pA and AA modes were presented for the first time in the Refs. [73, 81] . Before we present our numerical results and plots about the gluino production at the LHC, it is important to stress that gluon fluxes and large color factors make gluon-gluon (gg) fusion contributions dominants at LHC energies if Mg, Mq ≤ 1 TeV, while reactions involving valence quarks dominate gluino production at the Tevatron in the allowed mass range. The rate of gluino pair production reaches the highest values when Mg ≃ Mq [16] .
In Fig.15 we present the LO QCD total cross section for gluino production at the LHC as a function of the gluino masses. We use the CTEQ6L [82] , parton densities, with two assumptions on the squark masses and choices of the hard scale (curves). The sensitivity with the hard scale is also presented in the case mq = mg. We also, want to stress that the behaviour of our curves are similar to ones presented at Chapter 12 on reference [29] , where they use the CTEQ5L parton distribution on their calculation.
Since the pp CM energy √ s =14 TeV is several times larger than the expected gluino and squark masses, these particles might be produced and detected at the LHC.
Gluino decays
We know that the gluinos are unstable particles, and the main decay channels are ( [16, 29] )g
and some corresponding experimental SUSY signatures at LHC are shown in Figs. 16 and 17 . 
Conclusion
On this article, we first presented as to get Feynman amplitudes when we deal with Majorana fermions. The method is based on a well-defined fermion flow and we have vertices equations without explicit charge-conjugation matrices. We can use this formalism when we perform calculations with Majorana neutrinos, leptogenesis and in SUSY phenomenology. Later, we review how to calculate the photino and gluino production. We hope that this review will be useful to those entering the field of supersymmetric extensions of the standard model. Figure 16 : Creation of the pair of gluino with further cascade decay, first decay → 2l 2ν 6j E T , second decay → 2l 6j E T , third decay → 2l 6j E T , take from Ref. [83] .
Acknowledgments
This work was supported by CNPq, DBE supported by Master quota of CNPq from IF-UFRGS. We are grateful to Pierre Fayet to give us several interesting information about the photino and gluino phenomenology.
A Feynman rules for SQED
The Supersymmetric Quantum Eletrodynamics (SQED) is the supersymmetric generalization of QED [15, 16, 17] . The physical spectrum of this model is given by the positron, electron, photon, spositron, selectron and photino. Figure 17 : Creation of the pair of gluino with further cascade decay, first decay → 2l 2ν 8j E T , second decay → 8j E T , third decay → 8j E T , take from Ref. [83] .
In order to introduce all these particles, we must introduce two chirals superfields Φ + , Φ − , containing the left fermion field and the right fermion fields, respectively, plus one vectorial superfield V , where we introduce the photon, giving the following expressions 
where the subscript W Z means that the vectorial superfield is written at Wess-Zumino gauge. The fields φ + and φ − are the spositrons and selectrons, respectively, while ξ + and ξ − will form the positron and the electron. The photon is given by v m , while their supersymmetric partner, the photino, is given by λ, and the F and D terms are auxiliary fields necessary to close the SUSY algebra.
The superfields given at Eq.(72) satisfy the following transformation law
where Λ is a chiral superfield and e and −e are the electric charge of Φ + and Φ − respectivelly. The supersymmetric lagrangian of SQED in terms of the superfields is given by
This Lagrangian is manifestely gauge invariant and conserves R-parity (therefore sparticles appear in pairs (or quartet) at any vertex, it means we can have e − e − →ẽ −ẽ− but we can not have e − e − → e −ẽ− because it violate R-parity) [16] .
Next we can define the following four component Dirac spinor to the electron as
while for the photinos we define the following four component Majorana spinor
The full lagrangian of this model in terms of the physical fields can be found in the following Refs. [15, 16] 
From Eq. (77) we may pick the Feynman rules we have used in this article. The vertices we have used in this articles are:
• electron-electron-photon vertex: −ıeγ m ;
• right-handed electron-photino-selectron vertex: −ıe √ 2R;
• left-handed electron-photino-selectron vertex: −ıe √ 2L.
These vertices are shown at Fig.(18) . 
B Feynman rules for SQCD
The Feynman rules of SQCD can be found in the following Refs. [15, 16, 22, 32] . Here we only cite them
• quark-quark-gluon vertex: −ıg s T a rs γ m ;
• gluino-gluino-gluon vertex: −ıg s f bac γ m ;
• squark-squark-gluon vertex: −ıg s T a rs (k i + k j ) m ;
• squark-gluon-gluon vertex: −ıg C Masses of Gluinos, squarks, fotinos and selectrons
